Abstract. An Energy Recovery Linac (ERL) test facility is presently under construction at BNL. The goals of this test facility are first to demonstrate stable intense CW electron beam with parameters typical for the RHIC e-cooling project (and potentially for eRHIC), second to test novel elements of the ERL (high current CW photo-cathode, superconducting RF cavity with HOM dampers, and feedback systems), and finally to test lattice dependence of stability criteria. Planned diagnostics include position monitors, loss monitors, transverse profile monitors (both optical and wires), scrapers/halo monitors, a high resolution differential current monitor, phase monitors, an energy spread monitor, and a fast transverse monitor (for beam break-up studies and the energy feedback system). We discuss diagnostics challenges that are unique to this project, and present preliminary system specifications. In addition, we include a brief discussion of the timing system.
INTRODUCTION
The motivation for the development of the Energy Recovery Linac at BNL is to have high-quality, high-current electron beams (with acceptable RF power requirements) for high-energy bunched-beam electron cooling of ions [1] , and possibly for an electron-ion collider [2] . By high quality, we mean beams with minimal emittance, and whose profiles are sharper than Gaussian. The ERL approach proposes to accomplish this not by relying upon equilibrium with radiation to establish the emittance (as in the case of storage rings) but rather by preserving the low emittance (typical of a linac) of a carefully designed source during acceleration for a single pass through the interaction region, then recovering the beam energy with a second pass through the acceleration cavities. This method permits significant reduction in beam emittance compared to a storage ring, and also permits high current without requiring unreasonable RF power. Figure 1 shows a possible layout of the test facility (others are under consideration). Expected parameters are shown in Table 1 . 
ERL-SPECIFIC REQUIREMENTS
The ERL imposes diagnostics requirements [3, 4] beyond those normally present in linacs and storage rings. One such requirement is to measure with high resolution the difference in currents between the accelerated and decelerated beams. In principle this could be accomplished by measuring the power requirement of the SRF cavity, but that presumes that the low-and high-energy beams are accurately anti-phased, and proper calibration of such a measurement is not completely straightforward. A simple and elegant method is to utilize two toroids placed immediately after the line to the beam dump, one in the dump line and one in the accelerated beam line, and to link those toroids with a figure eight winding. The output of one toroid is used to drive a nulling current through the figure eight, and the output of the second toroid is then the differential current measurement. This overcomes the dynamic range problem of measuring a small current difference in the presence of a large current signal.
As implied in the above discussion of current monitoring, a second requirement is to have the bunches properly phased through the SRF cavity in both the acceleration and deceleration passes, to minimize momentum spread in the accelerated beam (crucial for electron cooling) and to maximize energy recovery from the decelerated beam. Phasing for the acceleration pass can be accomplished by measuring beam position and/or profile in dispersive regions. Phasing for the deceleration pass will be accomplished by adjusting path length with a small chicane, and can be monitored in a variety of ways. In a method similar to that used for the accelerated beam, beam position and/or profile can be measured in the dump beamline. A second possibility is to directly monitor the SRF cavity drive power, a minimum in the required power indicating good phasing. A third method is direct measurement of phase of either or both beams. Our intent is to I/Q demodulate the outputs of all BPMs. This will provide accurate phase measurement with single beams, but would impose excessive demands on time resolution if both beams were monitored by a single pickup. BPM phase measurements will require a means of accurately correcting time delays relative to the SRF. There is the possibility to construct a longitudinal pickup based on the same principle as the SRF cavity, where a null measurement is accomplished by the antiphasing of the two beams. However, it is not yet clear that there is a need for such a pickup, that it would provide any advantage over simply monitoring the SRF cavity drive power. A third ERL-specific requirement is to have the accelerated and decelerated beams on a common center and in addition to have that common center centered in the SRF cavity, to minimize excitation of higher-order transverse modes and thereby raise the threshold for the beam breakup (BBU) instability. This implies position monitors immediately before and after the SRF cavity. In low duty cycle operation the time separation (~100 ns) of the low and high energy pass through the pickup would impose a not-unreasonable lower limit on position monitor electronics bandwidth, so that independent position measurement and correction of both beams is feasible. Centering of the aligned beams on the SRF cavity might then be accomplished either by reliance on survey data, or as beam current goes up by measuring higher-order mode power in the SRF cavity. However, this measurement could not be accomplished when most crucial, during normal full-current operations. Alignment of the two beams relative to each other during normal operations might be accomplished via the TM120 and 210 modes of a rectangular resonant cavity pickup. Such a pickup might be operated in the vicinity of the third harmonic of the SRF cavity frequency to minimize impedance seen by the beam. Positioning such pickups both immediately before and after the SRF cavity would permit proper transverse alignment through the cavity, and the TM111 mode might also provide a high quality longitudinal phase measurement. A method [3] which is similar in principle but not yet demonstrated in practice, would center the two beams relative to each other by looking at a conventional BPM output at the RF fundamental and second harmonic and tuning to minimize the fundamental and maximize the second harmonic.
Bunch length measurement for the BNL ERL is perhaps not so critical as in ERLs designed to produce ultra-short bunches. Ultra-short bunches are not a requirement for either e-cooling or eRHIC. Bunch length can be measured most directly with a streak camera. Less direct measurement can be accomplished by comparing transverse profiles in dispersive and non-dispersive regions, perhaps in combination with variation of the RF phase.
Finally, it is crucial to monitor and localize the development of halo in the ERL. Useful information on halo monitoring may be found in the proceedings of a recent workshop [5] . The measurement requirements in the ERL will require careful implementation of the best methods described in that workshop.
ARCHITECTURE AND SPECIFICATIONS
One responsibility of the Diagnostics Group for the Brookhaven ERL will be to provide an economic, reliable and uniform interface to the RHIC timing and control systems. We intend to utilize well-developed expertise to accomplish this with a straightforward extension of the approach taken in the RHIC BPM system [6] , and later refined in SNS Diagnostics [7, 8] . In both cases the interface to timing is encoder logic embedded in a gate array in each data acquisition module. In RHIC the data acquisition is controlled by a DSP in each custom module, where calibration and initial processing occurs before data is transmitted via firewire to VME and the control system. Additional processing and display are accomplished at the application level. In the SNS, data acquisition is controlled by LabVIEW running in Windows, and communication to the control system is via Ethernet. The timing decoder gate array board also provides the interface to the PCI bus, serves as a motherboard for the analog electronics and digitizers, and permits the possibility of fast pre-processing before delivery of data to LabVIEW. The intent is to employ a similar architecture wherever possible for the ERL diagnostics systems, a plan that may also be compatible with future upgrade plans for the RHIC BPM system.
A second responsibility of the Diagnostics Group will be the instruments themselves. Design, implementation, and utilization of the instruments is always a collaboration between Diagnostics and Accelerator Physics. In the case of several of the systems (position monitors, loss monitors, wire scanners, scrapers, current monitors, etc.) most of the needed expertise already resides within the Diagnostics Group, and involvement of Accelerator Physics will probably not extend beyond specification of system requirements. However, for those systems specific to electron machines (synchrotron light monitors, transition radiation monitors, streak cameras, etc.) and more specifically to the ERL (phase monitor, energy spread monitor, high resolution differential current monitor, etc.), the experience within the Diagnostics Group is somewhat limited, and there will be greater reliance on Accelerator Physics in design, implementation, and operation.
As suggested by Table 1 , the ERL will operate in either of two modes. In the first (high bunch charge) mode, the 9.4/28.2 MHz bunch frequency is appropriate for electron cooling of 120/360 bunches in RHIC (although other bunching frequencies are under consideration). In the second, every bucket of the 703.75 MHz RF will be filled for low emittance studies. The additional dynamic range required by these two modes adds only minimal complication or expense. However, some forethought is required as a result of the sparse spectrum with the 703.75 MHz bunching frequency. This makes it more difficult to work away from the RF frequency, and imposes more stringent demands on RF shielding. Our intent is to provide flexibility where possible (for instance, by using programmable synthesizers to generate local oscillator frequencies) to permit avoiding the RF fundamental when operating with the 9.4/28.2 MHz bunching frequency. Processing at 14.1 MHz looks particularly attractive, as this will permit the same LO frequency for either e-cooling or high current mode, and the resulting 56.4 MHz clock frequency for BPM I/Q demodulation is comfortable for the intended digitizer.
A preliminary list of proposed Diagnostics, together with their preliminary Accelerator Physics specifications, is shown in Table 2 . In addition to the two modes (high charge/low emittance) mentioned above, these diagnostics must also meet the needs of both low duty-cycle commissioning and high current operations. Refinement of specifications to include this consideration is in progress.
CONCLUSION
We have discussed ERL-specific diagnostics requirements, presented a proposed data acquisition platform and timing/controls interface, and made a first attempt to define diagnostics devices, quantities, locations, and specifications. More detailed system-by-system designs will be presented in a series of forthcoming tech notes. 
